Introduction {#Sec1}
============

Diabetic macular edema (DME) is a vision-threatening microvascular complication of diabetic retinopathy. It can occur at any stage of diabetic retinopathy and is the major cause of central visual loss in diabetic patients \[[@CR1]\]. Anti-VEGF has now become the first line treatment regimen of DME for its excellent visual and anatomic improvement \[[@CR2]\].

Conbercept (KH902; Chengdu Kanghong Biotech Co, Ltd., Sichuan, China) is a new member of anti-VEGF drug. Similar to aflibercept, Conbercept, with a molecular weight of 143 kDa, consisting of the binding domains of VEGF receptor 1 and VEGF receptor 2 fused to the Fc portion of human immunoglobulin G1 \[[@CR3]\]. It can bind all isoforms of VEGF-A, placental growth factor, as well as VEGF-B with high affinity. Intravitreal Conbercept injection (IVC) has been demonstrated to be successful in the treatment of age-related macular degeneration \[[@CR4]\], polypoidal choroidal vasculopathy \[[@CR5]\], retinopathy of premature \[[@CR6]\], choroidal neovascularization \[[@CR7]\] and macular edema resulted from branch retinal vein occlusion \[[@CR8]\]. In previous published papers, Conbercept has also been demonstrated to be effective in treating DME \[[@CR9]--[@CR11]\].

Retinal hyperreflective foci (HF) is defined as small discrete, well-circumscribed, dot-shaped lesion, with equal or greater reflectivity than the retinal pigment epithelium (RPE) band on spectral domain optical coherence tomography (SD-OCT) \[[@CR12]\]. Recent studies suggested that HFs may predict the final visual outcome in macular edema patients treated with anti-VEGF agents \[[@CR13]--[@CR15]\]. In our clinic, we usually use 3 monthly Conbercept injection + PRN regiment to treat DME, however, the changes of HFs was not assessed in previous published works using this treatment strategy. Therefore, the aim of this study is to analyze the dynamic changes of HFs in DME patients treated with Conbercept, and to explore the relationship between HFs and the BCVA of DME patients.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

This was a retrospective study and adhered to the tenets of the Declaration of Helsinki and approved by the Medical Ethics Committee of Chongqing medical university. At our clinic, all the DME patients were explained about different treatment strategy such as anti-VEGF intraocular injection (Lucentis and Conbercept, which were available in our clinic), and grid laser. We explained in detail how these treatment works and the risk and benefits the patients would get. The grid laser treatment was covered by medical insurance and the others two was not. Lucentis costed 1000 USD and Conbercept costed 700 USD for each injection. Patients who chose to be treated only with IVC were recruited between January 2016 and December 2017 at the first affiliated hospital of Chongqing medical university. Written consents were obtained from all the recruited patients before every injection.

Inclusion criteria were as follows: age ≥ 18 years and central macular thickness (CMT) ≥300 μm. Exclusion criteria were as follows: history or existence of other ocular disease that have an adverse effect on BCVA such as glaucoma, uveitis, vitreoretinal interface abnormalities and cataract, existence of any ocular disease that will cause poor-quality OCT images, history of vitreous surgery, macular ischemia diagnosed by fundus fluorescein angiography (FFA), intravitreal injection of anti-VEGF or steroids within 3 months, laser panphotocoagulation or macular grid laser within 4 months, high risk proliferative diabetic retinopathy and uncontrolled hypertension or recent cardiovascular event.

All the patients received 0.05 ml Conbercept monthly injection for a consecutive 3 months. They underwent a complete ophthalmologic examination, including BCVA, slit-lamp, indirect fundus examination and SD-OCT (Heidelberg Engineering, Heidelberg, Germany) at every visit. At baseline, FFA was also performed. As Conbercept has not been included in the medical insurance for treating DME in China, the patients has to pay a large sum of money. Therefore, most of the patients can just finish the first 3 injections, and that's the reason we only analyzed the BCVA and CMT changes for the first 3 injections.

HFs counting methods {#Sec4}
--------------------

The method used for counting HFs has been reported in several previous studies \[[@CR16]--[@CR18]\]. First, a horizontal B-scan passing through the fovea was taken by SD-OCT in all the patients at baseline and each visit. The number of HFs within the central 1 mm of the fovea were determined by one experienced masked grader (SL). We classified HFs into 3 groups according to their positions in the retinal layers: 1) In the outer retinal layers \[from the external limiting membrane (ELM) to the photoreceptors\], 2) In the inner retinal layers \[from the internal limiting membrane (ILM) to the outer nuclear layer (ONL)\], 3) Under RPE.

Statistical analysis {#Sec5}
--------------------

All statistical analyses were carried out by version 22.0 SPSS statistical software (SPSS, Inc., Chicago, IL. USA). All the data was presented as mean ± SD. The BCVA was converted to a logarithm of the minimum angle of resolution (logMAR). The mean BCVA, HFs number and CMT between baseline and 1, 2 and 3 months were compared using one-way ANOVA. The post hoc test following ANOVA was Tukey's test. Then, Pearson correlation analysis was used to analysis the correlation between the number of HFs and BCVA. *P* \<0.05 was considered statistically significant.

Results {#Sec6}
=======

Characteristics of patients {#Sec7}
---------------------------

A total of 26 eyes (13 patients) were included in this study including 76.9% males. All of these patients were Chinese and suffered from type 2 diabetes. The average age was 53.9 (rang 34--69).

At baseline, there were 2 eyes (7.7%) with mild nonproliferative diabetic retinopathy (NPDR), 7 eyes (26.9%) with moderate NPDR, 10 eyes (38.5%) with severe NPDR and 7 eyes (26.9%) with proliferative diabetic retinopathy (PDR). Fifteen eyes (57.7%) have been previously treated with PRP. All of them have never been treated with anti-VEGF drugs. The mean disease duration of DME before Conbercept treatment was 5.8 months (range 2--13, median 4).

BCVA and CMT changes after Conbercept treatment {#Sec8}
-----------------------------------------------

The baseline BCVA (LogMAR) was 0.75 ± 0.48 and was improved to 0.52 ± 0.33 (*p* = 0.002), 0.43 ± 0.24 (*p* = 0.0001) and 0.39 ± 0.22 (*p* = 0.0002) at months 1, 2 and 3, respectively (Fig. [1](#Fig1){ref-type="fig"}). The BCVA at month 3 was significantly better than that at month 1 (*p* = 0.0033), however, the BCVA at month 2 had no statistical difference from that at month 1.Fig. 1BCVA changes during the treatment of DME patients

The baseline CMT was 575.9 ± 191.9 μm and decreased to 388.2 ± 198.5 μm (*p* \< 0.0001), 291.5 ± 134.5 μm (*p* \< 0.0001), and 258.6 ± 105.1 μm (p \< 0.0001) at month 1, 2 and 3, respectively (Fig. [2](#Fig2){ref-type="fig"}). The CMT at month 2 was significantly lower than that at month 1 (*p* = 0.0028), however, the CMT at month 3 had no statistical difference from that in month 2.Fig. 2The changes of CMT during the Conbercept treatment

HFs in different retinal layers and its correlation with BCVA and CMT {#Sec9}
---------------------------------------------------------------------

At baseline, HFs located in every retinal layers, but mainly in inner and outer retinal layers (Fig. [3](#Fig3){ref-type="fig"}a). The number of HFs was 5.4 ± 4.2 in inner retina, and 5.2 ± 5.2 in outer retina. There was no statistical difference concerning HFs numbers between these two layers. However, the number of HFs was only 0.88 ± 1.9 in the subretinal space, which was much lower than that of inner and outer retina (*p* = 0.0004 and *p* = 0.0008 respectively).Fig. 3The HFs in the retinal layers before (**a**) and after (**b**) Conbercept treatment. HFs decreased after anti-VEGF treatment. Black arrows indicate hyperreflective foci

Correlation analysis was performed to evaluate the association of baseline and final BCVA (LogMAR) with baseline HFs in different retinal layers. The results showed that the baseline number of HFs in the outer retina was positively correlated with baseline BCVA (r = 0.42, *p* = 0.034). There was also a positive significant correlation between the baseline number of HFs in the inner retina, outer retina, subretina and final BCVA (r = 0.571, *p* = 0.002; r = 0.464, *p* = 0.017; r = 0.405, *p* = 0.04 respectively). Correlation analysis was also performed to evaluate the association of changes of HFs with changes of CMT and changes in BCVA (LogMAR). There was a significant positive correlation between inner retinal HFs reduction, total retinal HFs reduction and decrease of CMT (r = 0.422, *p* = 0.032 and r = 0.429, *p* = 0.029 respectively). There was also a significant positive correlation between outer retinal HFs reduction, total retinal HFs reduction and increase of BCVA (r = 0.40, *p* = 0.043 and r = 0.393, p = 0.04 respectively).

Changes of HFs before and after Conbercept treatment {#Sec10}
----------------------------------------------------

We analyzed the changes of HFs after Conbercept injection. At the baseline, the numbers of HFs in the inner retinal layer was 5.39 ± 4.24, it then decreased to 3.19 ± 2.15 (*p* = 0.0045) after the first Conbercept injection. After the second injection, it continuously decreased to 2.19 ± 2.00 (*p* = 0.0019). After the third injection, however, the number of HFs showed no statistical difference from that at month 2 (*p* = 0.447).

In the outer retinal layer, the numbers of HFs was 5.15 ± 5.17 at the baseline, it decreased to 3.35 ± 4.40 (*p*\<0.0001) after the first Conbercept injection. After the second and third injection, however, there was no further significant decrease of HFs numbers.

In the subretinal layer, the numbers of HFs was 0.88 ± 1.90 at the baseline, it then decreased to 0.08 ± 0.27 (*p* = 0.0045) after the first Conbercept injection. After the second injection, there was no subretinal HFs present, and it remained till month 3 (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Changes of the number of HFs before and after anti-VEGF treatment. **a** Changes of the number of HFs in the inner retinal layer. **b** Changes of the number of HFs in the outer retinal layer. **c** Changes of the number of HFs in the subretinal layer

Adverse events {#Sec11}
--------------

Conbercept injections were relatively safe. No related serious adverse events and no endophthalmitis were reported.

Discussion {#Sec12}
==========

This study characterizes the effectiveness of Conbercept in treating DME patients. The CMT decreased and visual acuity increased after treatment. Moreover, the reduction of the numbers of HFs is associated with the effect of Conbercept. Therefore, the number of HFs may be a predictive factor of poor final BCVA in DME patients treated with Conbercept.

Recently, HFs, which are discrete, focal, hyperreflective lesions, are observed in some retinal diseases, such as AMD, RVO, central serous choroidoretinopathy, Stargardt disease, retinitis pigmentosa as well as DR \[[@CR15], [@CR19]--[@CR25]\]. Many theories have attempted to explain the pathophysiology of HFs, but they are still not fully understood. It is suggested that retinal inflammation will activate microglia cells and induce them to swell as well as spread to all retinal layers to become HFs in AMD \[[@CR22]\]. In DR, HFs was thought to be small intraretinal proteins or lipid deposits which form after inner blood-retinal barrier breakdown, and they may be the precursor of hard exudates \[[@CR13], [@CR19]\]. Other theories suggested that HFs can occur even before the development of DR and represent neurodegerative process \[[@CR26]\]. Previous studies described the migration of HF from the inner to the outer retina layers during the DR progression \[[@CR27], [@CR28]\]. Our results showed that HF was found in every retinal layers, but mainly located in the inner and outer retinal layer.

Vascular endothelial growth factor (VEGF) is believed to be the main driving force for the development and progression of DME \[[@CR29]\]. Anti-VEGF agents have been found to reduce hyperpermeability through binding VEGF. Recent studies showed that after anti-VEGF treatment, retinal vessels hyperpermeability improved and the number of HF decreased in DME patients \[[@CR14], [@CR30]\]. To our knowledge, this is the first study to investigate the effect of Conbercept on the number of HFs over time. Our study, consistent with previous ones, demonstrated a significant reduction in HFs number after the first anti-VEGF treatment in patients with DME. This suggested that hyperpermeability with subsequent lipoprotein extravasation participate in the pathogenesis of HFs in DME patients. As Conbercept has been found to inhibit the breakdown of blood-retinal barrier in diabetic rats \[[@CR31]\], we speculate that it may alleviate the damage of blood-retinal barrier in DME patients, and the underlying mechanism need to be investigated further. However, only in inner retinal layer, the HFs had significant reduction after the second anti-VEGF treatment. After the third anti-VEGF injection, HFs has no significant reduction in all of the layers.

In this study, we found that CMT is reduced after Conbercept treatment. Also, there was a significant reduction of HF in all retinal layers and improvement in BCVA. This further confirmed that Conbercept can improve the state of macula both anatomically and functionally. In line with previous studies, the number of HFs in the different retinal layers were associated with final BCVA in our study \[[@CR14], [@CR32]\], suggesting HF is a potential biomarker of poor outcome of DME. We also found that the inner retinal HFs reduction and total retinal HFs reduction had a moderate correlation with the final change of CMT. And the outer retinal HFs reduction and total retinal HFs reduction had a moderate correlation with the final change of BCVA. Therefore, HFs may be a reliable biomarker of individual response to Conbercept treatment in DME patients. We believe that HFs at baseline results from the disruption of blood--retinal barrier and can reflect the disease activity. Thus, we could predict that more HFs at baseline suggest a more active DME, thus will result in a worse final BCVA.

However, it should also be noted that this study has some limitations. First, it is a retrospective study, therefore, selection biases existed. Furthermore, it contained a relatively small sample size and short follow-up period. Notwithstanding these limitation, this investigation does determine the HFs as an affecting factor in Conbercept treatment of DME. In the future, randomized controlled trial can provide a deeper understanding of the influence of Conbercept on the changes of HFs.

In conclusion, this study demonstrates that Conbercept is effective in treating DME and baseline HFs numbers can be a biomarker of poor final visual outcome. Further researches are needed to focus on simplify of measuring HFs numbers in DME patients to guide the treatment.
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